Chaining in enterococci revisited: correlation between chain length and gelatinase phenotype, and gelE and fsrB genes among clinical isolates of Enterococcus faecalis Enterococci, like streptococci, are typically described as showing chaining in Gramstains of clinical samples. The degree of chaining seems to vary amongst enterococcal clinical isolates; however, there are no recent studies validating chaining by enterococci since they were classified out of the genus Streptococcus nor any studies of the mechanism of cellular chain length. A marked increase in chaining seen in an Enterococcus faecalis OG1RF mutant (TX5128) has been explained by the lack of the GelE protease (gelatinase) suggesting the possibility that chaining among clinical isolates (one-third of which are gelatinase non-producers) might be associated with the absence of GelE (Singh et al., 2005; Waters et al., 2003) . GelE is an enterococcal zinc-metalloprotease (Bleiweis & Zimmerman, 1964) that is capable of degrading a broad spectrum of substrates, including insoluble collagen fragments (Makinen & Makinen, 1994) and polymerized fibrin (Waters et al., 2003) . Synthesis of GelE in E. faecalis is regulated by the fsr locus (Qin et al., 2001 ), a quorum-sensing system that positively regulates expression of gelE. The fsr locus and gelatinase production have been shown to contribute to the virulence of E. faecalis OG1RF in several models, including mouse peritonitis, Caenorhabditis elegans and biofilm formation (Mohamed et al., 2004; Qin et al., 1998 Qin et al., , 2000 Sifri et al., 2002; Waters et al., 2003) .
In the present study, a collection of clinical isolates of E. faecalis was studied to determine the degree of variation in the chaining phenotype and to establish whether the lack of GelE production or the absence of gelE or fsrB genes among clinical isolates might explain any differences found. Since a correlation between chain length and disruption of gelE in the mutant TX5128 was demonstrated in vitro, such a correlation in clinical isolates might also be helpful to predict the absence/presence of important virulence factors (i.e. GelE) or their regulatory genes (i.e. fsrB) with a simple clinical microbiology observation. Therefore, the number of cells per chain in isolates grown in broth was determined by light microscopy, and a correlation between chain length and genotype was attempted.
A total of 106 clinical isolates of E. faecalis [including blood (endocarditis and non-endocarditis), urine and community sources] from different geographical and clonal origins present in our collection and previously characterized for the presence of gelE and fsrB and for the GelE phenotype (on Todd-Hewitt agar plates with 3 % gelatin) (Roberts et al., 2004) ) was added for TX5128 (gelE mutant) (Waters et al., 2003) . The next day, the culture was diluted to obtain a turbidity equivalent to 0. Fig. 1b, c ; range of the mean number of cells per chain per isolate, >3.5-7.5; mean number of cells per chain of all isolates, 5.0) and 5 (4 %) were classified as long chainers ( Fig. 1d ; range of the mean number of cells per chain per isolate, >7.5-15.0; mean number of cells per chain, 11.3). Short-chaining isolates were independently compared to each of the other chaining categories with regard to JMM Correspondence the presence (or absence) of GelE, gelE and fsrB. A similar analysis was performed comparing short-chaining isolates and the sum of the other subgroups (medium, long and extra-long chainers). There was no correlation between the absence of gelE, fsrB or gelatinase production and isolates with medium, long or extra-long chains (Table 1) or when non-short isolates (grouping isolates categorized as having either medium, long or extra-long chains) were compared to those with short chains (all P>0.05) (Table 1) . Indeed, the majority of non-short isolates produced gelatinase and had the gelE or fsrB gene: 68 % for GelE, 95 % for gelE and 77 % for fsrB. Moreover, when long and extra-long chainers were grouped together, only 33, 11 and 22 % lacked GelE, gelE and fsrB, respectively. A similar percentage of short chain formers lacked GelE (36 %), gelE (12 %) or fsrB (28 %). These results indicate that chaining among clinical isolates is not dependent on the lack of gelatinase, fsrB or gelE. Under the conditions used in this study, E. faecalis OG1RF was classified as a short chainer (¢80 % of the chains had ¡4 cells), whereas both TX5128 (gelE disruption mutant) and TX5266 (fsrB deletion mutant) were categorized as medium chainers (mean number of cells per chain of all isolates, 5.0) (Fig. 1b, c) .
The mechanism for chaining in E. faecalis strains is unknown. Purified gelatinase has been shown to activate the muramidase-1 autolysin and a relationship between gelatinase and autolysis has been proposed as a mechanism to regulate chain length (Shockman & Cheney, 1969) . However, neither gelatinase production nor a lack thereof correlated with chaining. It may be 
